Due to the resistance of Candida sp. to the usual antifungal, the demand for active principles found in the plants has been the target of diverse studies around the world. There are few in vivo and human studies on the antifungal activity of medicinal plants in the mouth. Native and imported medicinal plants, used by the Brazilian population for traditional medicine use, are the subject of study in this chapter. Thirty-eight Brazilian plants were related to information on species, family, name, used part, and medical indication of popular use. All the species mentioned had their extracts tested in vitro against C. albicans, C. tropicalis, C. krusei, C. parapsilosis, among other species that occur more frequently in the mouth. In the articles consulted, there is a great variation in Candida species tested and in minimum inhibitory concentration. The in vitro studies serve as information for the continuity of studies on the best performing plants, validate the popular belief about the use, and provide subsidies for the development of new products that are effective in the control of oral and systemic candidiasis and that are cheap and accessible for the population.
but it can be systemic or invasive and even lead to death in immunocompromised individuals [1, 2] . Like other pathogenic fungi, Candida spp. present dimorphism in the yeast and pseudohyphatic forms. The hyphal form is associated with epithelial cell invasion and thus causing tissue damage [3] . Candida spp. has other virulence factors such as adherence, production of tissue-damaging hydrolytic enzymes such as proteases, and the biofilm formation in host tissue and in medical devices [4] . Several predisposing factors, local and systemic, may result in the transition from yeast Candida to the hyphal form (pathogenic). Local factors include the use of prostheses, corticosteroid inhalers, and xerostomia, while systemic factors include immunosuppressed states as human immunodeficiency virus-HIV for example. Psoriasis, recently, was described as a predisposing factor for oral candidiasis [5] .
The type of Candida spp. most commonly isolated from the oral cavity is C. albicans, which occurs in both healthy and diseased individuals [1, 6, 7] . Nonalbicans species were also isolated from the oral cavity of immunocompromised patients, such as C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, C. guilliermondii, and C. dubliniensis [8] . Protective immune response can be induced by Candida in the host that allows its own survival. Immunocompetent adults, usually, present acquired immunity underlying the fungus that prevents the progression of oral colonization to symptomatic infection. Integrity of the mucosa is important for oral health because normally it prevents the invasion of microorganisms, as well as macromolecules, which may be antigenic [9] .
Formulations of nystatin or amphotericin B are used for 4 weeks [11, 14] . Resistance was observed in case reports of cancer patients on chemotherapy and those who have received long-term prophylactic therapy. The mechanism of Candida resistence to the polyenes are not yet known, but seem to involve changes in the cell membrane composition [15] .
Echinocandins are noncompetitive inhibitors of the β-1,3 glucan synthase encoded by the FKS1 gene of C. albicans, which leads to the formation of fungal cell walls with impaired structural integrity, leading to osmotic lysis. Resistance is associated with acquired or intrinsic
Primary forms of oral candidiasis Characteristics
Pseudomembranous candidiasis (oral thrush)
Confluent white plaques with epithelial desquamation and accumulation of keratin, fibrin, necrotic tissue, and fungal hyphae [5, 11] • Ability to easily remove white plaques with gauze [5] • Most commonly found in immunosuppressed individuals [5] Acute erythematous oral candidiasis • Known as "sore mouth antibiotic," due to its association with prolonged use of broad-spectrum antibiotics [11] • It presents as erythematous patches, commonly on the palate, but may also present on the buccal mucosa or on the back of the tongue [5] Chronic erythematous oral candidiasis • These are atopic lesions associated with angular cheilitis and prosthetic stomatitis [5] • Prevalence in HIV-positive and AIDS patients [11] Chronic hyperplastic candidiasis (candida leukoplakia)
• Homogeneous type of adherent white or erythematous nodular/speckled type that cannot be easily erased [5, 11] • It is present bilaterally in the commissure regions of the buccal mucosa [11] Table 1 . Primary forms of oral candidiasis [10] .
Figure 1.
Primary targets of several antifungal agents by Garcia-Cuesta et al. [14] . FKS1 point mutations [15] . Flucidosycin is a pyrimidine analogue, which is transported to fungal cells by cytosine permeases. After this, 5-fluorouracil and phosphorylation of 5-fluorodeoxyuridine monophosphate are deaminated. This nucleotide acts by inhibiting thymidylate synthase and interferes with DNA synthesis [14] . Mutations in the cytosine-permease FCY2 gene or the cytosine-deaminase gene FCY1 are the most common causes of drug resistance.
To avoid this increased resistance, flucytosine is almost always administered to patients in conjunction with amphotericin B [15] . Griseofulvin, first isolated from griseofulvin, first isolated from Penicillium griseofulvum, inhibits the fungal mitosis to act by disrupting the production of microtubules in the spindle and cytoplasm [14] .
Antifungal systemic agents are indicated in fungemia when found in low immunity or immunodeficiency, high agranulocytosis, cancer patients or patients with intravenous catheters [11] . Worldwide, an increase in the number of antifungal resistant yeasts is recognized. An important factor in contribution to human candidiasis is the ability of Candida species to form drug-resistant biofilms [4] . The antifungal resistance can occur by different mechanisms, such as the reduction of the intracellular accumulation of the drug, decreased affinity of the target by the drug, and neutralizing the effect of the drug. Depending on the mode of action of the antifungal compounds, the mechanism of resistance will be different [14] .
The search for new antifungal agents and the characterization of new targets that are more appropriate and efficient have been proposed [4] . Potential alternative therapies include the use of new active principles obtained from different general sources, such as natural products, in particular, the plants that contain several components that are important sources of biologically active molecules [14] .
Brazilian medicinal plants tested against Candida spp.-by Vagner Rodrigues Santos

Introduction
The search for therapeutic applications of medicinal plants and their derivatives has grown in the past years throughout the world. Several studies have been carried out in order to evaluate new biological properties from the biodiversity. The discovery of new antimicrobial components is of great relevance, particularly for dentistry, since bacterial and fungal infections of the oral cavity are a relatively common problem: Candida albicans is an opportunistic yeast commonly identified in denture stomatitis and other oral candidosis clinical forms [12] .
These are examples of infectious conditions of the mouth, and the resistance to antimicrobials in clinical cases has stimulated the search for natural agents as alternative treatments for the mouth infectious conditions. In Brazil, local communities use plants and their extracts for different medicinal purposes and take advantage of the availability of these plants and the low cost for product preparation. Plants have been used as antimicrobial, anti-inflammatory, wounds scarring, and antihemorrhagic agents, just to mention a few [16] .
Medicinal plants continue to be widely used in rural and urban areas of Brazil. However, the intense miscegenation of crops over the last few centuries has more popularized the use of exotic native Brazilian plants and plants imported from other countries in popular medicine, especially in the southcentral part of the country. Most of these species were introduced by the Europeans and Africans, and are usually used according to the traditions of their places of origin [15, 16] . The growth of the pharmaceutical industry during the second half of the last century also distanced the Brazilian population from traditional medicine based on native plants. In the mid-1970s, for example, commercial pharmacies had lost their importance as the pharmaceutical industry completely dominated the drug market. This period was also marked by intense repression of mysticism, including the traditional use of medicinal plants. These facts are aggravated also by the continuous destruction of the rich Brazilian ecosystems, a process initiated with the exploration of Brazilwood by the Portuguese. As a consequence, remedies prepared with native plants, especially those of Amerindian origin, are now little known or used [16] .
The Brazilian territory has about 20% of the world's biodiversity, including plants, which serve as raw materials for the production of herbal medicines and other products. The great cultural and ethnic diversity of Brazil is responsible for the knowledge transmitted over generations on the management and use of medicinal plants [17] . The high frequency of infections by the Candida species, as well as the occurrence of resistance to the usual antifungal, either in the hospital environment or in domestic use, as well as the increasing number of immunocompromised patients puts us in check and leads us to search for new active principles originated from medicinal plants that are effective in the control of microorganisms [18] .
Several plants have been studied in Brazil based on popular use, mainly by rural communities [16] .
The antifungal activity observed in some plants may be related to the presence of flavonoid glycosides and tannins, components that have antimicrobial and anti-inflammatory properties [19] . There is a growing interest in the use of tannins as antimicrobial agents. The activity of tannins against bacteria and yeasts can be measured by their action on the membranes, since they can cross the cell wall, composed of polysaccharides and proteins, and bind to its surface [20] .
Studies with natural products generate difficulties regarding the comparison of results. This situation is due to the different presentations of the products used as tincture, ethanolic extract, aqueous extract, essential oil, among others, as well as the various methodological criteria employed [21] and also the different forms of phytotherapic presentation, among them, oral solutions, gel, and tea by decoction. The greater or lesser biological activity of the essential oils has been shown to be dependent on the composition of their chemical constituents, such as citral, pinene, cineole, caryophyllene, elemeno, furanodiene, limonene, eugenol, eucalyptol, and carvacrol. These constituents are responsible for the antiseptic, antibacterial, antifungal, and antiparasitic properties [22] .
The mode of extraction of the active principles can influence significantly the antimicrobial activity. Biosynthesis of the constituents of a plant is strongly affected by the environment, harvest and postharvest, rainfall, temperature, luminosity, and humidity [23] .
The mechanisms of action of medical plant extents on Candida spp. are still poorly studied. Several mechanisms of action have been proposed from the rupture of the cellular membranes, which several mechanisms of action have been proposed from the rupture of the cellular membranes, which seems to interrupt the cell cycle through the synthesis of proteins and alteration of the yeast DNA [24].
The most common microbiological methods for testing plant-derived products such as extracts, resins, and essential oils are agar diffusion tests and liquid-liquid tests such as macrodilution and microdilution [25] . The techniques of application of the plant antimicrobial substance in the diffusion method are by means of disc, stainless steel, or glass cylinders and agar perforation. The agar diffusion test, also called plaque diffusion, is a physical method in which a microorganism is challenged against a biologically active substance in solid culture medium and relates the size of the growth inhibition zone of the challenged microorganism [25, 26] . The application of the diffusion method is limited to fast-growing microorganisms, which are aerobic or anaerobic. The evaluation is comparative against a reference biological standard (positive control), and the zone or halo of inhibition of growth is measured starting from the circumference of the disc or well, to the margin where there is growth of microorganisms [27] . According to the size of the halo, the microorganisms can be classified as: sensitive, when the diameter of the zone of inhibition is greater or no more than 3 mm less than the positive control; moderately sensitive, halo greater than 2 mm, but smaller than the positive control of more than 3 mm; and resistant, diameter equal to or less than 2 mm. As a positive control, a standard antimicrobial is used, and as a negative control, the solvent is used for the dissolution of the extracts [28] [29] [30] [31] [32] . The recommended incubation conditions are 35-37°C for bacteria for 24 to 48 hours and for fungi from 25 to 27°C for 48 to 72 hours [33] [34] [35] [36] [37] [38] [39] . These tests serve to define the minimum inhibitory concentration that quantifies the lowest concentration of the product capable of inhibiting the growth of microorganisms [40] [41] [42] [43] [44] [45] [46] (Table 3) . 
Oral candidiasis clinical trial studies
There are few clinical studies in humans on the efficacy of extracts from Brazilian plants in the treatment of oral candidiasis. More recently, human effectiveness of Brazilian green propolis derived from B. dracunculifolia on plaque control and gingivitis [49] has been shown for the prevention and control of oral mucositis and candidiasis [147, 148] and compared green propolis gel with benzydamine hydrochloride in cancer patients and irradiated in the head and neck regions [149] . Also, the Brazilian red propolis, derived from D. ecastaphyllum, both extract and gel, inhibited C. albicans in vitro, periodontopathogenic bacteria in vitro and in vivo, besides controlling periodontitis in rats [150] . The antifungal activity of Brazilian green propolis, originated by Baccharis dracunculifolia, was proven when tested against Candida albicans collected from HIV-patients mouth. The authors also demonstrated the more effectivity of propolis compared with usual antifungal tested [29].
Conclusions
In this chapter, there is information about the most used Brazilian species of plants against Candida species. The highest antimicrobial activities were obtained with diverse plant extracts. Some tests were done with the wild-type microorganisms collected from patients' mouths;
however, most tests were done using standardized American Type Culture Collection (ATCC) samples. There is a certain difficulty in doing clinical tests on humans, especially when it comes to natural products. On the other hand, tested are antibacterial and anticandidal agents and could be used in the treatment of various oral diseases caused by multiresistant microbial agents. It is also clear from this study that the antifungal activity of these 38 medicinal plants was found with ethanolic, methanol, n-butanol, and chloroformic fractions. Studies have also revealed that the plants tested are not toxic at therapeutic doses with good antimicrobial properties. However, this study is an important step toward clinical evaluation in order to produce improved phytomedicine in the treatment of oral candidiasis for multiresistant Candida albicans. 
